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WKHVHIRXUHDUWKTXDNHVDWWKH&&:DQG(33VLWHVWKH,56/DJHVLQGLFDWHWKDWWKHaPRIVOLS268 
PHDVXUHGDW&&:RFFXUUHGGXULQJWKHVDPHWLPHSHULRGDVWKHIRXUHDUWKTXDNHFOXVWHUREVHUYHG269 
DWWKH'DZVRQHWDOWUHQFKVLWH270 
271 
:HLQIHUWKDWWKHLQFLVLRQRIWKHFD\EIDQVXUIDFHVWKDWDUHQRZRIIVHWPDW272 &&:OLNHO\RFFXUUHGMXVWSULRUWRWKHIRXUWKHDUWKTXDNHEDFN\HDUVDJR'DZVRQHW273 
DO  7KLV LQIHUHQFH LV MXVWLILHG EHFDXVH  LI WKH LQFLVLRQ RFFXUUHG DIWHU WKH IRXUWK274 
HDUWKTXDNHEDFN WKHQWKHPRIVOLSZRXOGKDYHRFFXUUHGLQRQO\WKUHHHDUWKTXDNHV275 ZKLFKZRXOGUHTXLUH!PRIVOLSSHUHYHQWZKLFKLVODUJHUWKDQWKDWHVWLPDWHGE\0F*LOO	276 
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6LHKIRUDQ\SDUWRI WKHFHQWUDO*DUORFNIDXOWDQG WKH ILIWKHDUWKTXDNHEDFN DW(33277 
RFFXUUHG RYHU  \HDUV DJR Dawson et al., 2003 ZHOO EHIRUH GHSRVLWLRQ RI WKH LQFLVHG278 
IHDWXUHVWKDWDUHQRZRIIVHWaP279 
280 
7KHVHREVHUYDWLRQVLQGLFDWHWKDWWKHWLPHSHULRGIURPWKHLQFLVLRQHYHQWDW&&:WRWKHSUHVHQW281 
VSDQVWKUHHFRPSOHWHHDUWKTXDNHF\FOHVSOXVDIRXUWKRSHQLQWHUYDOWKDWZLOOEHFRPSOHWHGZKHQ282 
WKHQH[WHDUWKTXDNHRFFXUV ,IZHFDOFXODWH WKHVOLS UDWH MXVWXVLQJ WKHFORVHG\HDU283 
ORQJ WKUHHHYHQW WLPHZLQGRZIRU WKHPRVW UHFHQW WKUHHHDUWKTXDNHV LQ WKHFOXVWHUREVHUYHGDW284 
WKH (33 VLWH IURP 'DZVRQ HW DO  DQG WKH  P RI VOLS VXJJHVWHG E\ DQDO\VLV RI VPDOO285 
JHRPRUSKLFRIIVHWVQHDUWKH(33WUHQFKMcGill & Sieh, 1991WKHQWKHUHVXOWLQJVOLSUDWHZRXOG286 
EHaPP\UVLPLODUWRWKHPP\UUDWHGHVFULEHGDERYH287 288 
,QWHUHVWLQJO\ LQ WZR RI WKH RQO\ RWKHU VLWHV ZKHUH VLPLODU FRPSDULVRQV FDQ EH PDGH EHWZHHQ289 
LQFUHPHQWDO IDXOWVOLS UDWHVDQGGHWDLOHGSDOHRHDUWKTXDNHDJHVDORQJVWULNHVOLS IDXOWVERWK WKH290 
$ZDWHUH IDXOW DW6D[WRQ5LYHU LQ1HZ =HDODQG Mason et al., 2004; 2006; Gold and Cowgill, 291 
2011; Zinke et al., 2015 DQG WKH 0RMDYH VHFWLRQ RI WKH 6DQ $QGUHDV IDXOW DW :ULJKWZRRG292 
:HOGRQHWDOH[KLELWVLPLODUEHKDYLRUZLWKODUJHYDULDWLRQVLQVOLSUDWHWKDWVSDQPXOWLSOH293 
HDUWKTXDNH F\FOHV $OWKRXJK WKH $ZDWHUH IDXOW VOLSUDWH GDWD DUH EDVHG SDUWLDOO\ RQ SRWHQWLDOO\294 
XQUHOLDEOHJUH\ZDFNHFODVWZHDWKHULQJULQGDJHVDQG WKH:ULJKWZRRG LQFUHPHQWDO UDWHGDWDDUH295 
GHULYHGIURPDUHJLRQRIFRPSOH[GLVWULEXWHGIDXOWLQJWKHSUHVHQFHRIVLPLODUODUJHIDFWRURI296 
;YDULDWLRQVLQUDWHUDLVHVWKHSRVVLELOLW\WKDWWKLVLVDFRPPRQEHKDYLRURQVWULNHVOLSIDXOWV297 
SHUKDSVPDVNHGXQWLOQRZE\WKHSDXFLW\RIVXFKFRPELQHGHDUWKTXDNHDJHSOXVLQFUHPHQWDOVOLS298 
UDWHGDWDVHWV,IWUXHVXFKEHKDYLRUKDVIXQGDPHQWDOLPSOLFDWLRQVIRURXUXQGHUVWDQGLQJRIKRZ299 
IDXOWVVWRUHDQGUHOHDVHVWUDLQHQHUJ\DVZHOODVIRUWKHVWUHVVHYROXWLRQRIUHJLRQDOIDXOWV\VWHPV300 
DQG WKH EDVLF FRQWUROV RQ WKH V\VWHPOHYHO RFFXUUHQFH RI HDUWKTXDNHV LQ WLPH DQG VSDFH DV301 
GLVFXVVHGEHORZ,WLVQRWHZRUWK\WKDWWKHIDXOWGLVSODFHPHQWVDFFRPPRGDWHGDWWKHVHWZRVLWHV302 
GXULQJWKHSHULRGVRIDQRPDORXVO\UDSLGVOLSaPDW:ULJKWZRRGDQGaPDW6D[WRQ5LYHU303 
ZHUHJURVVO\VLPLODUWRWKHaPRIVOLSWKDWRFFXUUHGGXULQJWKHNDFOXVWHURQWKHFHQWUDO304 
*DUORFN IDXOWSHUKDSVVXJJHVWLQJ WKDW WKLVGLVSODFHPHQW UDQJHPD\ UHSUHVHQWDQXSSHU OLPLW WR305 
ZKDWHYHUPHFKDQLVPVFRQWUROWKLVEHKDYLRU306 
 307 
4.2. Earthquake supercycles and the relationship between variable fault slip rates and elastic 308 
strain accumulation rates ± 7KH FRPELQDWLRQ RI WKH &&: ODWH +RORFHQH UDWH GDWD WKH (33309 
SDOHRHDUWKTXDNH DJHV DQG SUHYLRXVO\ SXEOLVKHG PHDVXUHPHQWV RI VPDOO JHRPRUSKLF310 
GLVSODFHPHQWV DQG IDXOW VOLS UDWHV DYHUDJHG RYHU ORQJHU WLPH SHULRGV DOORZ XV WR FRQVWUXFW311 
GHWDLOHGWLPHGLVSODFHPHQWKLVWRULHVIRUWKHFHQWUDO*DUORFNIDXOWVSDQQLQJPLGWRODWH+RORFHQH312 
WLPH )LJXUH  7KH UHVXOWLQJ VWUDLQUHOHDVH UHFRUG VKRZV WKDW WKH *DUORFN IDXOW H[SHULHQFHV313 
VWUDLQ VXSHUF\FOHV FRPSULVLQJ PXOWLSOH HDUWKTXDNHV DQG ODUJH IDXOW GLVSODFHPHQWV VHSDUDWHG E\314 
PLOOHQQLDORQJOXOOV315 
316 
%XWKRZGRWKHVHKLJKO\YDULDEOHIDXOWVOLSUDWHVUHODWHWRWKHUDWHRIHODVWLFVWUDLQDFFXPXODWLRQ317 
DORQJWKH*DUORFNIDXOW"$FRPPRQVLPSOLI\LQJDVVXPSWLRQLQVWXGLHVRIHDUWKTXDNHUHFXUUHQFH318 
SDWWHUQVLVWKDWWKHUDWHRIHODVWLFVWUDLQDFFXPXODWLRQUHPDLQVUHODWLYHO\FRQVWDQWIURPHDUWKTXDNH319 
F\FOHWRHDUWKTXDNHF\FOHHJWeldon et al., 2004; Goldfinger et al., 2013; Field et al., 2015320 
%XWLVWKLVEDVLFDVVXPSWLRQZDUUDQWHG",QWKHFDVHRIWKH*DUORFNIDXOWDWOHDVWSHUKDSVQRW$V321 
QRWHGDERYHPRVWJHRGHWLFDOO\FRQVWUDLQHGPRGHOVRIHODVWLFVWUDLQDFFXPXODWLRQKDYHVXJJHVWHG322 
 8 
WRPDQ\UHVHDUFKHUVWKDWWKHFHQWUDO*DUORFNIDXOWLVVWRULQJHODVWLFVWUDLQHQHUJ\DWOHVVWKDQKDOI323 
RI WKH ODWHVW 3OHLVWRFHQH+RORFHQH VOLS UDWH RI a   PP\U e.g., McClusky et al., 2001; 324 
Miller et al., 2001; Peltzer et al., 2001; Meade & Hager, 2005; Dolan et al., 2007; Oskin et al., 325 
2008; McGill et al., 2009; Loveless and Meade, 2011)0RUHRYHUWKHFXUUHQWJHRGHWLFYHORFLW\326 
ILHOGVKRZVSULPDULO\IDXOWSHUSHQGLFXODUQRUWKZHVWVRXWKHDVWULJKWODWHUDOVKHDU (e.g., Savage et 327 
al., 1990; Peltzer et al., 2001; McGill et al., 2009 UDWKHU WKDQ REYLRXV HDVWZHVW OHIWODWHUDO328 
HODVWLF VWUDLQ DFFXPXODWLRQ DV ZRXOG EH H[SHFWHG DORQJ WKH VLQLVWUDO *DUORFN IDXOW LI LW KDG D329 
GXFWLOHURRWWKDWZDVDFWLYHO\FUHHSLQJWRGD\330 
331 
6RPH UHVHDUFKHUV e.g., Chuang and Johnson [2011], Johnson [2013], and Platt & Becker 332 
[2013@KDYHVXJJHVWHGWKDWWKLVDSSDUHQWWUDQVLHQWO\VORZVOLSGHILFLWUDWHLVQRWUHDOEXWWKH3ODWW333 
DQG%HFNHUPRGHOUHVXOWVGRQRWPDWFKODWHVW3OHLVWRFHQH+RORFHQHJHRORJLFUDWHV+DWHP334 
DQG 'RODQ  7KH -RKQVRQ  PRGHO JLYHV VOLS UDWHV IRU WKH *DUORFN IDXOW WKDW DUH335 
FRPSDUDEOH WR +RORFHQH UDWHV IRU VRPH VHJPHQWV LI YLVFRHODVWLF VHLVPLF F\FOH HIIHFWV HJ336 
Savage and Prescott, 1978DUHWDNHQLQWRDFFRXQW7KLVLVLQODUJHSDUWEHFDXVH-RKQVRQ>@337 
DVVXPHV WKDW WKH *DUORFN IDXOW LV LQ WKH ODWH VWDJHV RI DQ HDUWKTXDNH F\FOH DV GR &KXDQJ DQG338 
-RKQVRQ&RQVLGHULQJWKH\HDUORQJSRVWNDDEVHQFHRIHDUWKTXDNHVGRFXPHQWHG339 
DW (33 UHODWLYH WR FXUUHQW FD \HDUORQJ SHULRG VLQFH PRVW UHFHQW HDUWKTXDNH DW (33 WKLV340 
PD\ RU PD\ QRW EH WUXH$OVR LW LV ZRUWK QRWLQJ WKDW DQRWKHU VWXG\ PDNLQJ XVH RI GLIIHUHQW341 
YLVFRVLW\ VWUXFWXUHV DQG HDUWKTXDNH FKURQRORJLHV VXJJHVWV WKDW YLVFRHODVWLF HDUWKTXDNH F\FOH342 
UHODWHGSHUWXUEDWLRQVWRVXUIDFHYHORFLWLHVDUHWRRVPDOOWRDIIHFWEORFNPRGHOLQIHUUHGVOLSUDWHV343 
RQWKH*DUORFNIDXOW(Hearn et al., 2013)344 
345 
,IWKHDSSDUHQWJHRORJLFJHRGHWLFUDWHGLVFUHSDQF\IRUWKH*DUORFNIDXOW LVUHDODVVXJJHVWHGE\346 
PRVWVWXGLHVWKHUDWHRIHODVWLFVWUDLQDFFXPXODWLRQPXVWYDU\VLJQLILFDQWO\RYHUWKHWLPHVFDOHVRI347 
RQHWRDIHZHDUWKTXDNHVVLQFHWKHUDWHVRIVWUDLQDFFXPXODWLRQDQGUHOHDVHPXVWEDODQFHZKHQ348 
DYHUDJHG RYHU QXPHURXV HDUWKTXDNHV 7KLV GLVFUHSDQF\ VXJJHVWV WKDW WKH *DUORFN IDXOW PD\349 
H[SHULHQFH WZR GLIIHUHQW PRGHV RI EHKDYLRU ZLWK DOWHUQDWLQJ SHULRGV RI VORZHUWKDQDYHUDJH350 
VWUDLQDFFXPXODWLRQEDODQFHGE\SHULRGVRIIDVWHUWKDQDYHUDJHUDWHV351 
352 
4.3. Possible controls on earthquake supercycle behavior  ± 7KHVH REVHUYDWLRQV VXJJHVW WKH353 
SRVVLELOLW\ WKDW WKH UDWH RI HODVWLF VWUDLQ DFFXPXODWLRQ LQ WKH VHLVPRJHQLF XSSHU FUXVW PD\ EH354 
VORZHUGXULQJOXOOVLQHDUWKTXDNHDFWLYLW\DQGIDVWHUGXULQJFOXVWHUVe.g., Dolan et al. 2007)RU355 
H[DPSOHLIWKHF\HDUORQJOXOOLQHDUWKTXDNHDFWLYLW\EHWZHHQFNDDQGND'DZVRQ356 
HWDOZDVFKDUDFWHUL]HGE\DQHODVWLFVWUDLQDFFXPXODWLRQUDWHWKDWLVPXFKVORZHUWKDQWKH357 
ORQJWHUP DYHUDJH VLPLODU WR WKH FXUUHQW SKDVH RI VORZ VWUDLQ DFFXPXODWLRQ, WKHQ VWUDLQ358 
DFFXPXODWLRQ UDWHV PXVW KDYH EHHQ PXFK IDVWHU WKDQ DYHUDJH GXULQJ DQGRU LPPHGLDWHO\359 
SUHFHGLQJ WKH IRXUHDUWKTXDNH FOXVWHU REVHUYHG DW WKH (O 3DVR 3HDNV VLWH ,QWHUHVWLQJO\360 
JHRGHWLFDOO\FRQVWUDLQHGPRGHOVRIHODVWLFVWUDLQDFFXPXODWLRQDORQJ WKH0RMDYHVHFWLRQRI WKH361 
6DQ $QGUHDV IDXOW VXJJHVW VLPLODU WHPSRUDO YDULDWLRQV LQ UDWH ZLWK FXUUHQW UDWHV EHLQJ PXFK362 
VORZHUWKDQWKHORQJWHUPIDXOWVOLSUDWHHJArgus et al., 2005; Loveless and Meade, 2011)RU363 
H[DPSOH /RYHOHVV DQG 0HDGH  XVLQJ WKH 6RXWKHUQ &DOLIRUQLD (DUWKTXDNH &HQWHU¶V364 
FRPSUHKHQVLYH&)05PRGHORI'IDXOWJHRPHWULHVHVWLPDWHGDVOLSGHILFLWUDWHUHIHUUHGWRE\365 
VRPHDVD³JHRGHWLFVOLSUDWH´DORQJWKH0RMDYHVHFWLRQRIWKH6$)RIRQO\PP\UUHODWLYHWR366 
JHRORJLFVOLS UDWHVRQ WKH0RMDYHVHFWLRQRIa±PP\U Weldon et al., 2004; Weldon and 367 
Fumal, 2005; Sickler et al., 2006; Pruitt et al., 20097KXVDVZLWKWKHODUJHYDULDWLRQVLQIDXOW368 
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VOLSUDWHREVHUYHGRQERWKWKH*DUORFNDQG6DQ$QGUHDVIDXOWV:HOGRQHWDOWKLVVWXG\369 
WKHUDWHRIHODVWLFVWUDLQDFFXPXODWLRQPD\DOVRYDU\VLJQLILFDQWO\EH\RQGWKHOHYHOWKDWPLJKWEH370 
H[SHFWHGIURPYLVFRHODVWLFHDUWKTXDNHF\FOHHIIHFWVe.g., Meade and Hager, 20047KHVHGDWD371 
ILWWKHPRGHORI'RODQHWDOLQZKLFKWKH\VXJJHVWHGWKDWWKH*DUORFNDQG6DQ$QGUHDV372 
DFW DV D PHFKDQLFDOO\ FRPSOHPHQWDU\ LQWHJUDWHG SDLU DQG WKDW ERWK IDXOWV DUH FXUUHQWO\ LQ373 
SHULRGVRIUHODWLYHO\VORZVWUDLQDFFXPXODWLRQDQGUHOHDVH374 
375 
9DULRXV PHFKDQLVPV KDYH EHHQ VXJJHVWHG WR H[SODLQ VXFK EHKDYLRU IRFXVLQJ PDLQO\ RQ 376 
ZD\VWRDOWHUQDWHO\VWUHQJWKHQDQGZHDNHQWKHIDXOWHLWKHULQWKHEULWWOHXSSHUFUXVWRUWKHGXFWLOH377 
ORZHU FUXVW RU ERWK RU  YDULDWLRQV LQ WKH VWUHVV HYROXWLRQ RI WKH V\VWHP RU PRUH378 
VSHFXODWLYHO\YDULDWLRQVLQ WKHRYHUDOOUDWHRIHQHUJ\LQSXW LQWRWKHV\VWHPLHFKDQJHVLQ379 
UHODWLYHSODWHPRWLRQUDWHV2QHH[DPSOHRIWKHILUVWW\SHRIPHFKDQLVPVXJJHVWHGE\'RODQHW380 
DOLVWKDWWKHGXFWLOHURRWVRIWKHIDXOWVWUDLQKDUGHQGXULQJSHULRGVRIUDSLGVOLSDORQJWKH381 
VHLVPRJHQLF SDUWV RI WKH IDXOW HJ GXULQJ DQ HDUWKTXDNH FOXVWHU ZLWK VWUDLQ KDUGHQLQJ382 
SURFHVVHVRFFXUULQJDWUDWHVWKDWWHPSRUDULO\RYHUZKHOPFRXQWHUDFWLQJDQQHDOLQJSURFHVVHV7KLV383 
OHDGV WR D OXOO LQ ORZHU FUXVWDO GXFWLOH VKHDU DQG FRQVHTXHQWO\ LQ XSSHU FUXVWDO VWUDLQ384 
DFFXPXODWLRQ DQG HDUWKTXDNHV 'XULQJ VXFK D OXOO SODWH ERXQGDU\ VWUDLQ LV DFFRPPRGDWHG385 
SUHIHUHQWLDOO\RQRWKHUIDXOWVDQGWKHIDXOWH[SHULHQFLQJWKHOXOOJUDGXDOO\ZHDNHQVDVDUHVXOWRI386 
DQQHDOLQJDolan et al., 20077KLVEHKDYLRUFRXOGUHVXOWLQWKHUHODWLYHVWUHQJWKRIUHJLRQDOIDXOW387 
QHWZRUNV VZLWFKLQJVXFK WKDWGHHSGXFWLOH VWUDLQ LV DFFRPPRGDWHGRQ WKHZHDNHVW IDXOW LQ WKH388 
V\VWHPDWDQ\JLYHQWLPHDolan et al., 2007$QRWKHUSRVVLELOLW\LV WKDW WKLVEHKDYLRUPD\EH389 
GULYHQE\WKHUDQGRPRFFXUUHQFHRIWKHILUVWHYHQWLQDFOXVWHUZKLFKPD\VHUYHWRVRPHKRZ390 
ZHDNHQWKHORZHUFUXVWDOVKHDU]RQHEHORZWKHIDXOW)RUH[DPSOH2VNLQHWDOVXJJHVWHG391 
WKDW WKH ILUVW HDUWKTXDNH LQ D FOXVWHUPD\ UHOHDVH IOXLGVGRZQZDUG LQWR WKHGXFWLOH URRWVRI WKH392 
IDXOW]RQHZHDNHQLQJLWDQGDOORZLQJIDVWHUFUHHSUDWHVZKLFKLQWXUQZRXOGGULYHIDVWHUHODVWLF393 
VWUDLQ DFFXPXODWLRQ LQ WKH XSSHU FUXVW DQG PRUH IUHTXHQW HDUWKTXDNHV %RWK RI WKHVH SRWHQWLDO394 
PHFKDQLVPV DUH FRQVLVWHQW ZLWK WKH GXFWLOH URRWV RI PDMRU IDXOWV EHLQJ PHFKDQLFDOO\ VWURQJHU395 
GXULQJOXOOVDQGZHDNHUDWWKHRQVHWRIDQGRUGXULQJDFOXVWHU396 
397 
6HYHUDOVWXGLHVKDYHVXJJHVWHGWKDWVWUDLQUHOHDVHGXULQJLQGLYLGXDOHDUWKTXDNHVPD\ODJEHKLQG398 
WKHUDWHRIHODVWLFVWUDLQDFFXPXODWLRQGXULQJWKHSUHFHGLQJLQWHUVHLVPLFSHULRGOHDGLQJWRDZHOO399 
RI³H[WUD´HODVWLFVWUDLQHQHUJ\WKDWFDQEHUHOHDVHGLQHLWKHUYHU\ODUJHPDJQLWXGHHYHQWVDQGRU400 
EULHI HDUWKTXDNH FOXVWHUV ZLWK WKH FUXVW HIIHFWLYHO\ DFWLQJ DV DQ HODVWLF VWUDLQ FDSDFLWRU HJ401 
Cisternos et al., 2005; Fay and Humphreys, 2006; Sieh et al., 2008, Goldfinger et al., 2013402 
,QGHHG LW LVGLIILFXOW WR H[SODLQREVHUYDWLRQV VXFKDV WKHH[FHSWLRQDOO\ IDVW 6$)VOLS UDWH a403 
PP\UGXULQJWKH$'ILYHHDUWKTXDNHSXOVHGRFXPHQWHGDW:ULJKWZRRGE\:HOGRQHW404 
DOZLWKRXW WKHUHEHLQJVLJQLILFDQWVWRUHGHODVWLFVWUDLQHQHUJ\DYDLODEOHSULRUWR WKHILUVW405 
HDUWKTXDNH LQ WKH VHTXHQFH +RZHYHU ZKLOH LQ RXU YLHZ WKH FUXVW OLNHO\ LV FDSDEOH RI VWRULQJ406 
VLJQLILFDQWDPRXQWVRIHODVWLFVWUDLQHQHUJ\ WKLVPHFKDQLVPE\LWVHOIGRHVQRWUHDGLO\H[SODLQ407 
ZK\ IDXOWV ZRXOG DFFXPXODWH WHQV RI PHWHUV RI SRWHQWLDO IDXOW VOLS LH HODVWLF VWUDLQ HQHUJ\408 
SULRUWREUHDNLQJLQWKHILUVWHYHQWRIDQDQRPDORXVO\UDSLGPXOWLHDUWKTXDNHVWUDLQSXOVH8QOHVV409 
WKHUH LVVRPHDV\HWXQLGHQWLILHGPHFKDQLVPE\ZKLFKXSSHUFUXVWDO IDXOWVFDQVWUHQJWKHQRYHU410 
PXOWLSOHHDUWKTXDNHF\FOHVVXFK WKDW WKHIDXOWEHFRPHVPRUH UHVLVWDQW WR VOLSGXULQJ OXOOV HJ411 
FHQWHQQLDO WR PLOOHQQLDOWHUP FKDQJHV LQ FRQVWLWXWLYH SURSHUWLHV RI IDXOW]RQH URFNV DQG OHVV412 
UHVLVWDQW WR VOLS GXULQJ SHULRGV RI UDSLG VOLS WKLV VXJJHVWV WKDW WKH UDWH RI HODVWLF VWUDLQ413 
DFFXPXODWLRQPD\DOVRLQFUHDVHMXVWSULRUWRDQGRUGXULQJWKHSHULRGRIDQRPDORXVO\UDSLGVOLS414 
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415 
0RGHOV RI VLPXODWHG SDWWHUQV RI VHLVPLFLW\ VXJJHVW DQRWKHU SRVVLELOLW\ LQ ZKLFK HSLVRGLF416 
IXQGDPHQWDO UHRUJDQL]DWLRQVRI WKHPRGHRI VWUDLQHQHUJ\ UHOHDVH DUHGULYHQE\FKDQJHV LQ WKH417 
HQWURS\RIVWUHVVGLVWULEXWLRQVDORQJWKHIDXOWVPDOOWRWDOYDULDWLRQVLQVWUHVVVWDWHDORQJWKHIDXOW418 
LH D UHODWLYHO\ FRKHUHQW VWUHVV ILHOG ZLOO IDYRU WKH RFFXUUHQFH RI ODUJHPDJQLWXGH HYHQWV419 
LQYROYLQJORQJVHFWLRQVRIWKHIDXOWZKHUHDVODUJHYDULDWLRQVLQWKHVWDWHRIVWUHVVLHDKLJKO\420 
LUUHJXODU GLVRUGHUHG VWUHVV ILHOG ZLOO IDYRU SHULRGV RI PXFK ORZHU VWUDLQ UHOHDVH DQG D PRUH421 
UDQGRP GLVWULEXWLRQ RI VPDOOHU HDUWKTXDNH PDJQLWXGHV Sornette & Sammis, 1995; Bowman et 422 
al., 1998; Dahmen et al., 1998; Ben-Zion et al., 1999; Sammis and Smith, 1999; Sammis & 423 
Sornette, 2002 $OWKRXJK WKLV PRGHO LV DWWUDFWLYH IRU H[SODLQLQJ WKH RFFXUUHQFH RI DQ\ VLQJOH424 
ODUJHPDJQLWXGH HDUWKTXDNH HJ  0Z  7RKRNX -DSDQ LW IDLOV WR H[SODLQ ZK\ WKH425 
*DUORFNIDXOWZRXOGJHQHUDWHIRXUQHDU0PD[a0ZUXSWXUHVGXULQJDEULHIFOXVWHU426 427 
$QRWKHU SRVVLEOH PRGHO DULVHV IURP WKH JHRORJLFDOO\ FRPSOLFDWHG QDWXUH RI SODWH ERXQGDU\428 
GHIRUPDWLRQ LQ VRXWKHUQ &DOLIRUQLD 7KH VWRUDJH DQG UHOHDVH RI HODVWLF VWUDLQ HQHUJ\ RQ WKH429 
*DUORFN IDXOW LQ ODUJH HDUWKTXDNHV GRHV QRW RFFXU LQ LVRODWLRQ DQG VWUHVV LQWHUDFWLRQV IURP430 
HDUWKTXDNHVRQQHDUE\IDXOWVZLOOLQIOXHQFHWKHEHKDYLRURIWKH*DUORFNIDXOW$WWKHODWLWXGHRI431 
WKH*DUORFNIDXOWUHODWLYHSODWHERXQGDU\PRWLRQLVGRPLQDWHGE\VOLSRQWKH6DQ$QGUHDVIDXOW432 
ZKLFKVWRUHVDQGUHOHDVHVHQHUJ\WLPHVIDVWHUWKDQWKH*DUORFNIDXOWa±PP\UYVa±433 
PP\U7KXVDQ\FRQVLVWHQWFKDQJHVLQWKH&RXORPE)DLOXUH)XQFWLRQ¨&))³VWUHVVLQJUDWH´434 
RQWKH*DUORFNIDXOWZLOOEHGRPLQDWHGE\WKHHIIHFWVRI6$)VOLS435 
436 
)RUH[DPSOHDOWKRXJKWKH:HOGRQHWDOVOLSUDWHUHFRUGIRUWKH0RMDYHVHFWLRQRIWKH6DQ437 
$QGUHDV IDXOW DW :ULJKWZRRG RYHUODSV ZLWK RQO\ WKH PRVW UHFHQW  \HDUV RI WKH FHQWUDO438 
*DUORFN IDXOW UHFRUG WKLV DOORZVFRPSDULVRQRI DW OHDVW WKH ODWWHUSDUWRI WKHND*DUORFN439 
FOXVWHU ,QWHUHVWLQJO\ DV VKRZQ LQ ILJXUH  WKH WZR PRVW UHFHQW HDUWKTXDNHV LQ WKH *DUORFN440 
FOXVWHUGDZVRQHWDOFRUUHODWHZLWKDSHULRGRIH[FHSWLRQDOO\UDSLGVOLSGXULQJDVHTXHQFH441 
RI ODUJH 6$) HDUWKTXDNHV FD  $' *DUORFN IDXOW HDUWKTXDNH DQG RQH RI WKH ODUJHVW442 
GLVSODFHPHQW HDUWKTXDNHV RQ WKH 6$) LQ WKH :ULJKWZRRG UHFRUG FD  $' *DUORFN443 
IDXOWHDUWKTXDNH¨&))VWUHVVPRGHOLQJRollins et al., 2011; McAuliffe et al., 2013 LQGLFDWHV444 
WKDWZKHUHDVVOLSRQWKH6$)QRUWKZHVWRIWKH*DUORFNIDXOWLQWHUVHFWLRQZLOOLQKLELWVOLSRQWKH445 
*DUORFNIDXOWVOLSRQWKH0RMDYHVHFWLRQRIWKH6$)VRXWKZHVWRIWKH*DUORFNLQWHUVHFWLRQZLOO446 
HQFRXUDJHIDLOXUHRIWKHZHVWHUQSDUWRIWKH*DUORFNIDXOWDQGYLFHYHUVD7KXVSHULRGVRIUDSLG447 
VOLSRQWKH0RMDYHVHFWLRQRI WKH6$)PD\WULJJHULQGLYLGXDOHDUWKTXDNHVRQWKH*DUORFNIDXOW448 
RUYLFHYHUVD449 
450 
%XWZKDWDERXWORQJHUWHUPVWUHVVLQWHUDFWLRQVEHWZHHQWKH*DUORFNDQG6DQ$QGUHDVIDXOWV"$W451 
WKHPXOWLPLOOHQQLDOWLPHVFDOHVRIWKH*DUORFNIDXOWFOXVWHUDQGOXOOGLVSODFHPHQWZLOORFFXULQ452 
GR]HQVRI6$)³%LJ 2QHV´ DORQJ WKHHQWLUH IDXOW7KXV WKH6$)FDQEHYLHZHGDW WKHVH WLPH453 
VFDOHVDVDFRQWLQXRXVO\VOLSSLQJIHDWXUH¨&))PRGHOLQJRIWKLVVLWXDWLRQGHPRQVWUDWHVWKDWVOLS454 
DORQJ WKH HQWLUH FHQWUDO DQG VRXWKHUQ 6$) ZLOO HQFRXUDJH IDLOXUH RI WKH ZHVWHUQ *DUORFN IDXOW455 
Lin & Stein, 2004ZKLFKLQWXUQZLOOHQFRXUDJHIDLOXUHRIWKHFHQWUDO*DUORFNIDXOW0F$XOLIIH456 
HWDO0RUHRYHUDVQRWHGDERYHWKH³&RXORPEVWUHVVLQJUDWH´RIWKH*DUORFNIDXOWZLOOEH457 
GRPLQDWHGE\WKHEHKDYLRURIWKH6DQ$QGUHDVIDXOWEHFDXVHRIWKHPXFKIDVWHUVOLSUDWHDORQJ458 
WKH6DQ$QGUHDV459 
460 
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&RXOGWKHEHKDYLRURIWKH*DUORFNIDXOWEHUHODWHGWRDOWHUQDWLQJSHULRGVRIIDVWHUDQGVORZHUVOLS461 
RQ WKH 6DQ $QGUHD V ZLWK DWWHQGDQW LQFUHDVHV DQG GHFUHDVHV LQ ¨&)) VWUHVVLQJ UDWH DORQJ WKH462 
*DUORFN IDXOW" ,Q RWKHU ZRUGV FRXOG WKHUH EH PLOOHQQLDORQJ SHULRGV RI ¨&)) ³VWUHVVLQJUDWH463 
HQKDQFHPHQW´ DIIHFWLQJ WKH *DUORFN IDXOW DOWHUQDWLQJ ZLWK HTXDOO\ ORQJGXUDWLRQ VWUHVVLQJUDWH464 
³VKDGRZV´FDXVHGE\ORQJWHUPGHFUHDVHVLQ6$)VOLSUDWH",IVRWKHQFOXVWHUVDORQJWKH*DUORFN465 
IDXOWVKRXOGFRUUHODWHZLWKSHULRGVRIIDVWHUWKDQDYHUDJH6$)VOLSUDWHDQG*DUORFNIDXOW OXOOV466 
VKRXOGRFFXUZKHQWKH6$)LVVOLSSLQJDWDVORZHUWKDQDYHUDJHUDWH$OWKRXJKWKHPLGWRODWH467 
+RORFHQH6$)VOLSUDWHLVQRWZHOOFRQVWUDLQHGEH\RQGDIHZNH\VLWHVHJ:DOODFH&UHHNDORQJ468 
WKHFHQWUDO6$)>Sieh & Jahns, 1984@/LWWOH5RFN&UHHNRQWKHQRUWKZHVWHUQ0RMDYHVHFWLRQRI469 
WKH6$)>Weldon & Fumal, 2005; Sickler et al., 2006; Pruitt et al., 2009@:ULJKWZRRGDORQJWKH470 
VRXWKHDVWHUQSDUWRIWKH0RMDYHVHJPHQWRIWKH6$)>Weldon et al., 2004@WKHUHLVQRHYLGHQFH471 
WR VXJJHVW WKDW WKH6$)ZDVVOLSSLQJ IDVWHU WKDQDYHUDJHGXULQJ WKHNDFOXVWHURU VORZHU472 
WKDQDYHUDJHGXULQJWKHF±ND*DUORFNIDXOWOXOO:HHPSKDVL]HKRZHYHUWKDWPRUHPLG473 
+RORFHQHLQFUHPHQWDOUDWHGDWDDUHQHHGHGIURPWKHFHQWUDODQGVRXWKHUQ6$)WRWHVW WKLV LGHD474 
0RUHRYHU HYHQ LI VXFK GDWD GR FRPH WR OLJKW LQ IXWXUH VWXGLHV WKLV UDLVHV WKH TXHVWLRQ :K\475 
ZRXOG WKH 6$) VORZ GRZQ VLJQLILFDQWO\ GXULQJ WKH NH\ SHULRG F  ND DQG WKHQ VSHHG XS476 
GXULQJWKHND*DUORFNIDXOWHDUWKTXDNHFOXVWHU"6XFKEHKDYLRUPLJKWVXJJHVWWKDWHLWKHU477 
WKH6$)ZDVVWRULQJHODVWLFVWUDLQHQHUJ\PRUHVORZO\WKDQDYHUDJHGXULQJWKH*DUORFNIDXOWOXOO478 
ZKLFK LQ WXUQ PLJKW VXJJHVW D VWURQJHU GXFWLOH URRW EHQHDWK WKH 6DQ $QGUHDV IDXOW GXULQJ WKLV479 
SHULRGRUWKDWWKHFRQVWLWXWLYHSURSHUWLHVRIWKHVHLVPRJHQLFSDUWRIWKHIDXOWFKDQJHGVXFKWKDW480 
WKH 6$) EHFDPH PRUH UHVLVWDQW WR VOLS GXULQJ WKH *DUORFN OXOO WKXV UHGXFLQJ WKH &RXORPE481 
VWUHVVLQJUDWHRQWKH*DUORFNIDXOWFDXVHGE\6$)VOLS482 
483 
)LQDOO\DOWKRXJKVKRUWWHUPUHODWLYHSODWHPRWLRQUDWHVGRFXPHQWHGE\JHRGHV\JHQHUDOO\PDWFK484 
WKRVHGRFXPHQWHGZLWKPXFKORQJHUWHUPPLOOLRQ\HDUUDWHVIURPJOREDOSODWHPRWLRQPRGHOV485 
HJ'H0HWV HW DO  DORQJPRVWSODWHERXQGDULHV HJ6HOOD HW DO  UHODWLYHSODWH486 
PRWLRQUDWHVFRXOGSRWHQWLDOO\YDU\RYHUWKHWLPHVFDOHVZHGLVFXVVKHUHSHUKDSVLQUHODWLRQWR487 
FOXVWHUVRI H[WUHPHO\ ODUJH HDUWKTXDNHV WKDW WHPSRUDULO\PRGLI\ WKH HQWLUH UHODWLYHPRWLRQ UDWH488 
HJ $QGHUVRQ  &RPSUHKHQVLYH GRFXPHQWDWLRQ RI PLOOHQQLDO IDXOW VOLS UDWHV DORQJ DOO489 
IDXOWV LQ WKH SODWH ERXQGDU\ VLPLODU WR WKH FRPSLODWLRQ RI +XPSKUH\V DQG :HOGRQ 490 
WRJHWKHU ZLWK JHRG\QDPLFDO PRGHOLQJ WKDW H[SOLFLWO\ LQFRUSRUDWHV VXFK EHKDYLRU PD\ KHOS491 
DGGUHVVWKLVSRVVLELOLW\492 
493 
,QVXPPDU\WKHPDMRUYDULDWLRQVLQLQFUHPHQWDOVOLSUDWHRQWKH*DUORFNDQG6DQ$QGUHDVIDXOWV494 
WRJHWKHUZLWKHYLGHQFHVXJJHVWLYHRISRWHQWLDOO\FRRUGLQDWHGVOLSEHKDYLRUDQGOLNHO\WHPSRUDOO\495 
WUDQVLHQW VWUDLQ DFFXPXODWLRQ DORQJ ERWK IDXOWV VXJJHVWV WKDW WKHUH PD\ EH PXOWLSOH FRQWUROV496 
DFWLQJDFURVVD UDQJHRI WHPSRUDODQGVSDWLDOVFDOHV7KHVH LQFOXGH WKRVHSURFHVVHVPRGXODWLQJ497 
WKHWLPLQJDQGORFDWLRQRILQGLYLGXDOUXSWXUHVHJ&RXORPEVWUHVVLQJUDWHLQWHUDFWLRQVDVZHOO498 
DV ORQJHUWHUP FRQWUROV WKDW JRYHUQ WKH WLPLQJ DQG UHFXUUHQFH FKDUDFWHULVWLFV RI HDUWKTXDNH499 
FOXVWHUVDQGWKHZD[LQJDQGZDQLQJRIHODVWLFVWUDLQDFFUXDODQGUHOHDVHUDWHV:KLOHWKHFDXVHV500 
UHPDLQ SRRUO\ XQGHUVWRRG WKH LQFUHDVLQJ QXPEHU RI VXFK REVHUYDWLRQV VXJJHVWV WKDW VXFK501 
EHKDYLRUVPD\EHFRPPRQZLWKEDVLFLPSOLFDWLRQVIRURXUXQGHUVWDQGLQJRIKRZIDXOWVVWRUHDQG502 
UHOHDVH VWUDLQ HQHUJ\ 7KHVH UHVXOWV DUH SDUWLFXODUO\ JHUPDQH WR SUREDELOLVWLF VHLVPLF KD]DUG503 
DVVHVVPHQWDVZHGLVFXVVEHORZ504 
505 
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4.4. Implications for Probabilistic Seismic Hazard Assessment±0RGHOVRIIDXOWEHKDYLRUEDVHG506 
RQ WKHYDULDELOLW\ LQHDUWKTXDNHUHFXUUHQFH LQWHUYDOVDQGGLVSODFHPHQWVKDYH ORQJEHHQXVHGDV507 
WKH EDVLV IRU UHQHZDO PRGHOV XVHG LQ SUREDELOLVWLF VHLVPLF KD]DUG DVVHVVPHQW 36+$508 
6SHFLILFDOO\HDUWKTXDNHVKDYHEHHQVXJJHVWHGWREHHLWKHUWLPHRUVOLSSUHGLFWDEOHShimazaki & 509 
Nakata, 19807KDWLVWKDWWKHtime WRWKHQH[WHDUWKTXDNHZLOOGHSHQGRQGLVSODFHPHQWLQWKH510 
SUHYLRXVHYHQWRUWKHslip LQDQHDUWKTXDNHGHSHQGVRQWKHWLPHVLQFHWKHSUHYLRXVHDUWKTXDNH511 
UHVSHFWLYHO\ :KLOH DWWUDFWLYH LQ WKHLU VLPSOLFLW\ WKH UHOLDELOLW\ RI WKHVH VHLVPLFLW\ PRGHOV512 
UHPDLQVDNH\XQNQRZQLQFXUUHQW36+$513 
514 
$QLPSRUWDQWFDYHDWWRWKHDSSOLFDELOLW\RIWKHVHPRGHOVLVWKDWWKH\ERWKDVVXPHDFRQVWDQWUDWH515 
RI HODVWLF VWUDLQ DFFXPXODWLRQ LH D FRQVWDQW IDXOW ³ORDGLQJ´ UDWH 7KXV LI IDXOWV H[SHULHQFH516 
YDU\LQJORDGLQJUDWHVWKURXJKWLPHWKHQWKHVHPRGHOVFDQQRWEHXVHGWRDFFXUDWHO\SUHGLFWIXWXUH517 
HYHQWV DORQJ WKDW IDXOW $V GLVFXVVHG DERYH ERWK WKH *DUORFN DQG 6DQ $QGUHDV IDXOWV PD\518 
H[SHULHQFH H[DFWO\ VXFK PDMRUYDULDWLRQV LQ ORDGLQJ UDWHV UHQGHULQJ WKHXVHRI WLPH DQG VOLS519 
SUHGLFWDEOHPRGHOVSUREOHPDWLF,QDVPXFKDVWKHVHDUHWZRRIWKHEHVWGRFXPHQWHGIDXOWVLQWKH520 
ZRUOGLQWHUPVRIRXUDELOLW\WRFRPSDUHVKRUWWHUPJHRGHWLFDQGORQJHUWHUPJHRORJLFUDWHVWKH521 
YLRODWLRQRIWKLVXQGHUO\LQJDVVXPSWLRQLQVXFKPRGHOVUDLVHVLVVXHVRIEDVLFFRQFHUQUHJDUGLQJ522 
WKHLUFRQWLQXHGXVHDVSULPDU\LQSXWVLQWR36+$523 
524 
,QWHUHVWLQJO\DVVKRZQLQILJXUHDQDO\VLVRI WKH:ULJKWZRRGLQFUHPHQWDOVOLSUDWHGDWDIURP525 
:HOGRQHWDOVXJJHVWVWKDWZLWKLQDQ\WRHYHQWVWUDLQF\FOHZKHWKHUIDVWHURUVORZHU526 
WKDQDYHUDJHWKHDYHUDJHUDWHZLWKLQHDFKLQWHUYDOLVDSSUR[LPDWHO\PDWFKHGDWWKHWLPHVFDOHRI527 
LQGLYLGXDO HDUWKTXDNHV E\ VOLS LQ WKRVH HDUWKTXDNHV ,Q RWKHU ZRUGV WKH IDXOW DSSHDUV WR EH528 
PDLQWDLQLQJD UHODWLYHO\ FRQVWDQW VOLS UDWHZLWKLQ HDFKRI WKHVH F\FOHV 7KLVREVHUYDWLRQZRXOG529 
DSSHDU WR EH FRQVLVWHQW ZLWK WKH QRWLRQ RI WKH IDXOW ³NHHSLQJ XS´ ZLWK D UHODWLYHO\ FRQVWDQW530 
ORDGLQJUDWHZLWKLQDQ\SDUWRIWKHVWUDLQF\FOH,QWXUQWKLVLQIHUHQFHKROGVWKHSURPLVHRIXVLQJ531 
VXFKVOLSGHILFLWUDWHVDVNH\LQSXWVLQWRSUREDELOLVWLFVHLVPLFKD]DUGDVVHVVPHQWVZLWKSHUKDSVD532 
EHWWHUFKDQFHRIIRUHFDVWLQJWKHRFFXUUHQFHRIIXWXUHHYHQWVUHODWLYHWRWKHXVHRIORQJWHUPIDXOW533 
VOLS UDWHV WKDWDYHUDJHRYHUPXOWLSOHVWUDLQVXSHUF\FOHV)RUH[DPSOH LW LVQRWHZRUWK\ WKDW WKH534 
FXUUHQWH[WUHPHO\ORQJRSHQLQWHUYDOVLQFHWKH)RUW7HMRQHDUWKTXDNHHJ6FKDUHUHWDO535 
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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'DZVRQHWDO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Figure 2. ,QWHUSUHWHG*HR(DUWK6FRSHOLGDUKLOOVKDGHLPDJHRIWKH&KULVWPDV&DQ\RQ:HVWVWXG\833 
DUHDVKRZLQJWKHWZRPDLQVWXG\VLWHV)LJXUHLVFHQWHUHGRQWKHPDLQIDXOWWUDFHDW1834 
:&RORUVVKRZGLIIHUHQWDOOXYLDOIDQVXUIDFHVPDSSHGRQWKHEDVLVRIOLGDUGDWDFRORU835 
DHULDOSKRWRJUDSKVDQGILHOGZRUN)DXOWVPDSSHGRQOLGDUGDWDVKRZQE\UHGOLQHV1RREYLRXV836 
OHIWODWHUDOGLVSODFHPHQWLVREVHUYHGRQWKHVHFRQGDU\IDXOWVWRWKHQRUWKRIWKHPDLQVWUDQGWKHVH837 
DSSHDU WR DFFRPPRGDWH RQO\ QRUPDO GLSVOLS %R[HV RXWOLQH GHWDLOHG VWXG\ VLWHV  DQG 838 
GLVFXVVHGLQWH[W 839 
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Figure 3.,QWHUSUHWHG*HR(DUWK6FRSHOLGDUKLOOVKDGH$DQG%DQGVORSHDVSHFW&DQG'PDSV841 
RI WKH ZHVWHUQ 6LWH  DW &KULVWPDV &DQ\RQ :HVW VWXG\ VLWH ZKLWH VWDU LQ )LJXUH  GHWDLOHG842 
ORFDWLRQRIVLWHVKRZQLQILJXUH'LIIHUHQWFRORUVRQWKHVORSHDVSHFWPDSVVKRZWKHD]LPXWKDW843 
ZKLFKWKDWSRLQWRQWKHODQGVFDSHLVVORSLQJ$DQG&VKRZFXUUHQWWRSRJUDSK\%DQG'VKRZ844 
WKHODQGVFDSHDIWHUUHVWRUDWLRQRISUHIHUUHGPRIIDXOWVOLSDWWKLVVLWHVHHWH[WIRUGLVFXVVLRQ845 
&RORUVLQ$DQG%GHQRWHLQWHUSUHWHGDOOXYLDOIDQVXUIDFHVVHHDOVRILJXUH:KLWHVTXDUHVLQ$846 
LQGLFDWHORFDWLRQVRIOXPLQHVFHQFHVDPSOHSLWV$DQG& 847 
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Figure 4. ,QWHUSUHWHG*HR(DUWK6FRSHOLGDUKLOOVKDGH$DQG%DQGVORSHDVSHFW&DQG'PDSV849 
RIHDVWHUQ6LWHDW&KULVWPDV&DQ\RQ:HVWVWXG\VLWHZKLWHVWDULQ)LJXUHGHWDLOHGORFDWLRQRI850 
VLWHVKRZQLQILJXUH'LIIHUHQWFRORUVRQWKHVORSHDVSHFWPDSVVKRZWKHD]LPXWKDWZKLFKWKDW851 
SRLQW RQ WKH ODQGVFDSH LV VORSLQJ $ DQG & VKRZ FXUUHQW WRSRJUDSK\ % DQG ' VKRZ WKH852 
ODQGVFDSHDIWHU UHVWRUDWLRQRISUHIHUUHG PRI IDXOW VOLS DW WKLV VLWH VHH WH[W IRU GLVFXVVLRQ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&RORUVLQ$DQG%GHQRWHLQWHUSUHWHGDOOXYLDOIDQVXUIDFHVVHHDOVRILJXUH:KLWHVTXDUHVLQ$854 
LQGLFDWH ORFDWLRQVRI OXPLQHVFHQFHVDPSOHSLWV$DQG%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VPDOOWUHQFKILJXUHH[WHQGLQJHDVWZDUGIURPVDPSOHSLW$H[FDYDWHGSDUDOOHOWRWKHIDXOWWR856 
GRFXPHQWUHODWLRQVKLSEHWZHHQLQFLVHGRIIVHWGUDLQDJHVDQGLQWHUQDOIDQVWUDWLJUDSK\857 
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Figure 5. 5HVWRUDWLRQVRIJHRPRUSKLFDOO\SURPLQHQWRIIVHWIHDWXUHVDW&&:XVLQJWKH/D'L&DR]859 
WRRO =LHONH HW DO  $±& 5HVWRUDWLRQ RI DOOXYLDO IDQ UHPQDQWV DQG DVVRFLDWHG LQFLVHG860 
GUDLQDJHV DW ZHVWHUQ &&: 6LWH  '±) UHVWRUDWLRQ RI LQFLVHG GUDLQDJH GHILQLQJ VRXWKHDVWHUQ861 
HGJH RI DOOXYLDO IDQ UHPQDQW DW &&: 6LWH  a P HDVW RI IHDWXUH VKRZQ LQ $& DQG *±,862 
DOOXYLDO IDQUHPQDQWDQGDVVRFLDWHG LQFLVHGGUDLQDJHVDW HDVWHUQ&&:6LWH7KH OHIWSDQHORI863 
HDFK URZ $ ' * VKRZV WKH IDXOW WUDFH SDOH EOXH (1(WUHQGLQJ OLQH WRSRJUDSKLF SURILOHV864 
XVHGLQWKH/D'L&DR]UHVWRUDWLRQUHGDQGGDUNEOXH(1(WUHQGLQJOLQHVDQGWKHWUDFHVRIWKH865 
SURPLQHQWRIIVHWIHDWXUHVUHGDQGGDUNEOXHGRWV\HOORZOLQHVXVHGLQWKHUHVWRUDWLRQV3XUSOH866 
VTXDUHVLQGLFDWHSURMHFWLRQRIRIIVHWIHDWXUHVWRWKHIDXOW7KHPLGGOHSDQHORIHDFKURZ%(+867 
VKRZVRXUYLVXDOO\SUHIHUUHGPUHVWRUDWLRQVRIHDFKSURPLQHQWIHDWXUH5LJKWSDQHOV&),868 
VKRZ /D'L&DR] PLVILW GHULYHG IURP FURVVFRUUHODWLQJ LQFUHPHQWDOO\ EDFNVOLSSHG WRSRJUDSKLF869 
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SURILOHV VHH=LHONHHWDO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Figure 6. 6LQJOH JUDLQ .IHOGVSDU SRVW,5 ,56/ GDWD IRU \RXQJHVW VDPSOHV IURP XQLW  WKH873 
\RXQJHVW DOOXYLDO IDQ XQLW ZH HQFRXQWHUHG DW WKH &&: VLWH LQ HDFK RI RXU IRXU VDPSOH SLWV874 
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GLVFXVVLRQ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ODEHOV876 
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Figure 7. /RJ RI 1RUWK ZDOO RI WUHQFK H[FDYDWHG SDUDOOHO WR WKH *DUORFN IDXOW WR LOOXVWUDWH WKH896 
UHODWLRQVKLSEHWZHHQWKHGDWHGIDQVWUDWLJUDSK\DQGWKHRIIVHWLQFLVHGFKDQQHOVXVHGWRGHWHUPLQH897 
WKH VOLS UDWH 1RWH VXEKRUL]RQWDO ODWHUDOO\ FRQWLQXRXV DOOXYLDO IDQ VWUDWD RI XQLWV  SRVW898 
DOOXYLDOXQLWZDVQRWHQFRXQWHUHGDWWKLVORFDWLRQWKDWZHUHHURVLRQDOO\WUXQFDWHGE\LQFLVLRQRI899 
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 7KLV UHODWLRQVKLS GHPRQVWUDWHV WKDW900 
LQFLVLRQ RI WKH QRZRIIVHW GUDLQDJHV RFFXUUHG DIWHU IDQ DEDQGRQPHQW LQGHHG ZH LQWHUSUHW WKH901 
LQLWLDO LQFLVLRQ DV WKH HYHQW WKDW PDUNV WHUPLQDWLRQ RI DFWLYH DOOXYLDOIOXYLDO GHSRVLWLRQ RQ WKH902 
IDQV3RVW,5,56/OXPLQHVFHQFHVDPSOHORFDWLRQVLQSLW$DUHVKRZQE\\HOORZFLUFOHVDWOHIW903 
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VHHILJXUHDIRUORFDWLRQ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Figure 8. $ ,QIHUUHGLQFUHPHQWDOVOLSKLVWRU\RIWKHFHQWUDO*DUORFNIDXOWVROLGUHGOLQHEDVHG908 
RQ&KULVWPDV&DQ\RQ:HVWFDNDVOLSUDWHWKLVVWXG\SDOHRHDUWKTXDNHDJHVIURP'DZVRQ909 
HW DO 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 PDSSLQJ RI VPDOO JHRPRUSKLF RIIVHWV E\ 0F*LOO DQG 6LHK 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 DQG ODWHVW910 
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 GXULQJ WKH915 
 21 
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Figure 9.3ORWVKRZLQJLQFUHPHQWDOSDWWHUQRIFXPXODWLYHGLVSODFHPHQWRQWKH*DUORFNDQG6DQ921 
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Supplementary figure S2. /D'L&DR]UHVWRUDWLRQRIZHVWHUQDOOXYLDOIDQUHPQDQWDW6LWH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Topographic mist
LaDiCaoz restoration of alluvial fan remnant at Site 1 (where pits 11A and 12C were excavated; see Fig. 3 in text) and several other minor drainages and intervening alluvial bars. (A) Tracings of fault 
trace (pale blue line), fault-parallel topographic proles (dark blue and red lines), and along-feature proles (dark blue and red dots, yellow lines). Purple squares are where the features project into 
the fault trace. Image is rendered by digitally draping lidar-derived topography (green-red colors) on top of a lidar hillshade map of the site. Contours represent 1 m intervals. Yellow dots bound the 
lateral extent of the northern alluvial fan remnant. (B) Base image is similar to (A), but has been back-slipped by 23.5 m -- the minimum sedimentologically plausible amount of oset based on visual 
analysis. (C) Similar to (B), but back-slipped by 25.5 m, the optimal t (i.e., minimum “mist”) based on cross-correlation of fault-parallel topographic proles shown in (A). (D) Visually preferred 
restoration of 26.0 m, in close agreement with the optimal value determined by LaDiCaoz analysis. (E) Maximum sedimentologically plausible restoration of 29.5 m, based on visual analysis. (F) 
Topographic proles from lidar swaths shown by red and dark blue fault-parallel lines in (A). Proles are back-slipped according to the optimal topogrpahic t determined by LaDiCaoz (25.5 m). (G) 
Topographic mist as a function of horizontal displacement determined by cross-correlation of  incrementally back-slipped topogrpahic proles (Zielke et al., 2015). 
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Topographic mist
LaDiCaoz restoration of eastern edge of alluvial fan and associated NE-owing drainage at Site 1 (see Fig. 3 in text). (A) Tracings of fault trace (pale blue line), fault-parallel topographic proles (dark 
blue and red lines), and along-feature proles (dark blue and red dots, yellow lines). Purple squares are where the features project into the fault trace. Image is rendered by digitally draping lidar-
derived topography (green-red colors) on top of a lidar hillshade map of the site. Contours represent 1 m intervals. Yellow dots bound the lateral extent of the northern alluvial fan remnant. (B) Base 
image is similar to (A), but has been back-slipped by 23.5 m -- the minimum sedimentologically plausible amount of oset based on visual analysis. (C) Similar to (B), but back-slipped by 26.0 m, the 
optimal t (i.e., minimum “mist”) based on cross-correlation of fault-parallel topographic proles shown in (A). (D) Visually preferred restoration of 26.0 m agrees precisely with the optimal value 
determined by LaDiCaoz analysis. (E) Maximum sedimentologically plausible restoration of 29.5 m, based on visual analysis. (F) Topographic proles from lidar swaths shown by red and dark blue 
fault-parallel lines in (A). Proles are back-slipped according to the optimal topogrpahic t determined by LaDiCaoz (26.0 m). (G) Topographic mist as a function of horizontal displacement deter-
mined by cross-correlation of  incrementally back-slipped topogrpahic proles (Zielke et al., 2015). 
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S4. LaDiCaoz restoration of alluvial fan remnant at Site 2
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Topographic mist
LaDiCaoz restoration of alluvial fan remnant at Site 2 (where pits 12A and 12B were excavated; see Fig. 4 in text) and associated drainages. (A) Tracings of fault trace (pale blue line), fault-parallel 
topographic proles (dark blue and red lines), and along-feature proles (dark blue and red dots, yellow lines). Purple squares are where the features project into the fault trace. Image is rendered by 
digitally draping lidar-derived topography (green-red colors) on top of a lidar hillshade map of the site. Contours represent 1 m intervals. Yellow dots bound the lateral extent of the northern alluvial 
fan remnant. (B) Base image is similar to (A), but has been back-slipped by 23.5 m -- the minimum sedimentologically plausible amount of oset based on visual analysis. (C) Similar to (B), but back-
slipped by 25.7 m, the optimal t (i.e., minimum “mist”) based on cross-correlation of fault-parallel topographic proles shown in (A). (D) Visually preferred restoration of 26.0 m, in close agreement 
with the optimal value determined by LaDiCaoz analysis. (E) Maximum sedimentologically plausible restoration of 29.5 m, based on visual analysis. (F) Topographic proles from lidar swaths shown 
by red and dark blue fault-parallel lines in (A). Proles are back-slipped according to the optimal topogrpahic t determined by LaDiCaoz (25.7 m). (G) Topographic mist as a function of horizontal 
displacement determined by cross-correlation of  incrementally back-slipped topogrpahic proles (Zielke et al., 2015). 
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Site Pit Field Lab Strat Depth Age 1 sigma
code code code code unit (m) (years) uncertainty
1 11A CCW11A05 J0120 Unit 1 0.08 30 ± 20
1 11A CCW11A01 J0116 Unit 2 0.14 790 ± 70
1 11A CCW11A02 J0116 Unit 2 0.14 2010 ± 230
1 11A CCW11A02 J0117 Unit 3 0.28 3770 ± 340
1 11A CCW11A03 J0118 Unit 3 0.49 3810 ± 270
1 11A CCW11A04 J0119 Unit 3 0.72 3760 ± 230
1 12C CCW12C01 J0302 Unit 1 0.13 520 ± 60
1 12C CCW12C02 J0303 Unit 2 0.29 2280 ± 140
1 12C CCW12C03 J0304 Unit 3 0.62 5360 ± 330
1 12C CCW12C04 J0305 Unit 3 0.84 4980 ± 340
2 12A CCW12A01 J0294 Unit 1 0.10 2620 ± 190
2 12A CCW12A02 J0295 Unit 2 0.37 4550 ± 370
2 12A CCW12A03 J0296 Unit 3a 0.61 4740 ± 290
2 12A CCW12A04 J0297 Unit 3b 0.84 4470 ± 360
2 12B CCW12B01 J0298 Unit 1 0.21 1860 ± 150
2 12B CCW12B02 J0299 Unit 1 0.43 1910 ± 150
2 12B CCW12B03 J0300 Unit 2 0.58 4700 ± 290
2 12B CCW12B04 J0301 Unit 2 0.84 5620 ± 360
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